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ABSTRACT
The stable mass seed production technique of marble goby, Oxyeleotris marmoratus
has not yet been established due to high mortality occurring on the early juvenile
stage and/or after 40 days after hatching (d AH). In order to establish the mass seed
production technique, O. marmoratus juveniles of 40 d AH were reared for 60 days
to determine growth, survival and digestive enzyme activity at different types of
feed (trash fish, artificial feed and Artemia sp. nauplii). Specific growth rate (5.32) and
survival rate (91.3%) in juveniles fed Artemia sp. nauplii showed significantly higher
(P<0.05) than those of juveniles fed trash fish and artificial feed. At the end of the
experiment, the mean specific trypsin, amylase and lipase activities of juveniles fed
Artemia sp. nauplii were recorded as 0.04 mU mg protein-1m-1, 0.114 mg maltose mg
protein-1h-1 and 9.58 m Units, respectively, and they were significantly higher than
those of juveniles fed trash fish and artificial feed. In the present study it was shown
that O. marmoratus early juveniles had more efficient digestibility and absorption
the nutrient when fed with Artemia.
KEYWORDS: Oxyeleotris marmoratus, juvenile, types of feed, growth,
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INTRODUCTION
Asia regions play an important role in aquac-
ulture in the present time as well as future po-
tential. They had the highest aquaculture pro-
duction, which was 92% of the total global
aquaculture production in 2004. Major fresh-
water species cultured in this region are carps,
tilapias, and catfishes (FAO, 2006). This situa-
tion has led to the search for another promis-
ing candidate species for enhancement of pro-
duction in these regions. Among possible can-
didate species, the marble goby, Oxyeleotris
marmoratus has become one of the most at-
tractive candidates as aquaculture is diversi-
fied (Senoo et al., 1994a; Amornsakun et al.,
2003; Loung et al., 2005).
Oxyeleotris marmoratus is the largest
freshwater gobioid fish which belongs to fam-
ily Eleotridae and the most expensive fresh-
water fish in Southeast Asian countries
(Axelrod & Schultz, 1955; Mohsin & Ambak,
1983). Recently, the production of O.
marmoratus is very low as 0.1% from the total
of aquaculture production in these regions
(FAO, 2006). The main constrain for culture of
this fish is provision of the seed, and
aquacultures are still mainly dependent on
collected wild juvenile because the stable
mass seed production technique has not yet
been established due to high mortality occur-
ring at the early juvenile stage (Tavarut-
maneegul & Lin, 1988; Senoo et al., 1994b).
The aquaculture production depends
greatly on the ability of successful rearing
throughout the early life stages. Suitable nu-
trition is one of the principal factors influenc-
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ing fish survival and depends on the effective
ingestion, digestion and assimilation of diets
containing the required essential nutrients. In
natural condition, crustacean planktonic or-
ganisms are the important preys of O.
marmoratus larvae and juveniles (Mohsin &
Ambak, 1983; Senoo et al., 1993). Zooplankton
is usually used as general feed in most of or-
ganism cultures (Hecht & Appelbaum, 1987).
For instance, Artemia as suitable feed for C.
gariepinus larvae (Hogendoorn, 1980), and
Cromileptes altivelis (Sugama et al., 2001). Be-
side that, artificial feed and trash fish were also
used as feed for fish larvae and juveniles (Le,
1996; Millamena & Toledo, 2004; Williams &
Rimmer, 2005).
The results of our previous experiment
showed that 10 ppt (brackishwater) can im-
prove the survival and growth of O.
marmoratus early juveniles from 40 to 100 d
AH. These findings have contributed to solve
one of the immense problems in juvenile pro-
duction, especially from a view point of envi-
ronmental factors. The cultivation technology
of this species is still at early stage and con-
siderable further works are necessary to real-
ize its large aquaculture potential.
In relation to types of feed, studies on the
fish digestive enzymes which stress the
mechanisms and the best use of nutrients are
of unquestionable importance as a background
for the optimization of fish feeding procedures
(Sua’rez et al., 1995). Basically, digestive en-
zymes are concerned with the fish biochemi-
cal capacity for transforming the feed. Further-
more, the extensions of such studies show
the role of many other factors in this process,
for example, type of feeding (Jona’s et al., 1983)
and diet composition (Deguara et al., 2003).
From the digestive-enzyme ontogenetic pro-
file it is possible to predict the ability of the
species to use many different nutrients (Hofer
& Ko’ck, 1989). Such an adaptive characteris-
tic of these enzymes can be successfully used
to take advantage of the nutrient content of
diets (Moraes & Bidinotto, 2000).
There is no study on the type of feed re-
quired during the early juvenile stage of O.
marmoratus. The suitable types of feed at dif-
ferent stages can improve growth and survival
rates. In larval stage, Senoo et al. (1993) re-
ported that the combination of Brachionus sp.,
green water, Moina sp. and artificial feed can
increase the survival of O. marmoratus lar-
vae. Tavarutmaneegul & Lin (1988) also men-
tioned that Brachionus sp. is very important in
larval stage. To improve the rearing techniques
of O. marmoratus juveniles, studies on types
of feed in brackishwater system seem to be
necessary. Relationship between the diges-
tive enzymes of juveniles and types of feed,
and their effects on growth and survival will
give us further knowledge on feed suitability.
The objective of this study is to determine the
suitable type of feed on growth, survival and
digestive enzyme activity of O. marmoratus
juveniles.
MATERIALS AND METHODS
Brood Fish and Egg Incubation
Oxyeleotris marmoratus brood fish were
collected from wild freshwater in Sabah, Ma-
laysia and were adapted to captive conditions
during a year in 1 tonne fibre tank in Hatchery
of Borneo Marine Research Institute, Universiti
Malaysia Sabah (UMS Hatchery), Kota Kinabalu,
Sabah, Malaysia. Trash fish with liver cod oil
enrichment were provided daily as the primary
food source. The eggs were obtained from a
pair of brood fish by naturally spawned under
artificial condition (Senoo et al., 1993) during
the period from January 2008 through March
2008. The eggs were then incubated in 700 L
spawning glass aquaria at 28.5 to 30.5oC. The
larvae of 1 day after hatching (d AH) were trans-
ferred into a 1 tonne tank at 10 ppt.
Larval Rearing
Larval rearing was carried out in
brackishwater (10 ppt) system and stocked at
density of 100 individuals L-1. The larvae were
fed rotifers (Brachionus plicatilis) cultured with
Nannochloropsis sp. from 3 d AH, brine shrimp
(Artemia sp.) nauplii from 15 to 40 d AH (Senoo,
2003). Green water (Chlorella sp.) from tilapia
culture in brackishwater was maintained of 1.5
x 106 cells mL
-1 in the larval rearing tank. Onset
from 30 to 40 d AH, the larvae were adaptive to
eat all the types of feed used in this experi-
ment.
Juvenile Selection and Types of
Feed
Nine glass aquaria (60 cm x 35 cm x 40 cm)
were used and filled with 70 litre of 10 ppt
water. The stocking density on this experiment
was 100 juveniles aquaria-1. A total of 900 pcs
of 40 d AH juvenile O. marmoratus were fed
different types of feed. The types of feed in
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this experiment were trash fish (TF), artificial
feed (AF), and Artemia sp. (AS) nauplii. This
experiment was conducted in triplicate.
Artemia cysts brand ‘Lucky Artemia O.S.I’,
(Ocean Star International, Inc., Snowville UT
84336, USA) were used in this experiment.
Clean seawater with salinity of 25 ppt was used
to hatch the Artemia cyst. Trash fish were
bought from the fish market in Kota Kinabalu
and kept in freezer to maintain the quality.
Head, caudal fin and bones of fish were re-
moved. The clean fish were then cut into small
pieces suitable for O. marmoratus juvenile
feeding. Cargill Nutrition Marine Finfish, Cargill
Feed SDN. BHD, Malaysia was used as artificial
feed in this experiment. The granule diet must
be incised into smaller size suitable for O.
marmoratus juvenile feeding.
Observation on Growth and Survival
Rate
Specific growth rate (SGR) of O. marmo-
ratus was determined according to the follow-
ing equation:
resulting mixture was measured using spec-
trophotometer Genesys TM 10 UV Series at 410
nm. The trypsin activities were expressed in
units (U), as BAPNA unit mg protein-1 using the
following formula (Erlanger et al., 1961):
where ln Wt and ln Wo are the natural logarithms
of final and initial weights, respectively, and t
is the period of measurement in days. The sur-
vival rate was calculated at the end of experi-
ment as ratio of final to initial number of juve-
niles.
Sampling Procedure and Digestive
Enzyme Assay
For analysis of digestive enzyme activity,
ten juveniles per treatment were sampled ran-
domly at the end of the experiment. The juve-
niles were properly washed and kept in air-
tight container and put in a -80oC deep freezer
until analysis. Fish tissues were homogenized
in ice-cold distilled water using a motor ho-
mogenizer for 3 minutes at 4,000 rpm. The tis-
sues were then centrifuged using Eppendorf
centrifuge at 10.000 × g for 15 minutes at 4oC.
The supernatant was then stored at -20°C prior
to analysis.
Trypsin activity of O. marmoratus juve-
niles was assayed using N-benzoyl-DL-argin-
ine 4-nitroanilide hydrochloride (BAPNA) and
dimethyl sulfoxide (DMSO) as substrate
(Erlanger et al., 1961). The absorbance of the
where:abs va is absorbance value at 410 nm/
min, vol react mix is volume of reaction mix-
ture, 8800 is the extinction coefficient of p-
nitroalinin
Amylase activity was estimated using
starch solution (Riedel-de Haen) as substrate
as described by Worhington (1993). The activ-
ity was evaluated using starch solution in so-
dium phosphate buffer pH 6.9. This was fol-
lowed by addition of 3,5 dinitrosalicylic acid
(DNS, Sigma) and kept in boiling water bath for
5 min. The activities were recorded at wave
length of 540 nm. The standard solution was
prepared by diluted 100 mg maltose in 100 mL
distilled water. The specific amylase activity
was expressed as mg maltose mg protein-1 h 1
at 37oC. Specific enzyme activity (U) was cal-
culated as below,
Lipase activity was determined by the pro-
cedure of Borlongan (1990). The lipase activ-
ity was assayed base on measurement of fatty
acids released by enzymatic hydrolysis in sta-
bilized emulsion of olive oil (Fluka). The mix-
ture was titrated with 0.01 N NaOH using 0.9%
(W/V) thymolphthaleine (Riedel-de Haen) in
ethanol as indicator. The thymolphthaleine was
added as 2 drops for titration until the appear-
ance of colour changes. A unit of lipase activ-
ity (U) was defined as the volume of 0.01 N
NaOH required neutralizing the fatty acids re-
leased during the 6-h incubation with the sub-
strate and after correction by the appropriate
blank.
The total protein content was measured
following Lowery et al. (1951) method as de-
scribed by Dawes (1981). Bovine serum albu-
men (BSA) was used as standard for determina-
tion of body protein content.
Statistical Analysis
A one-way ANOVA (SPSS version 1.3) was
used for statistical evaluation. Means were
analyzed using Student-Newman-Keuls (SNK)
test. Significance was accepted at P< 0.05.
(ln Wt - ln Wo)
t x 100
abs va x 1,000 x vol react mix
8,800 x mg protein in the assay
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RESULTS
Growth and Survival Rate of O.
marmoratus Juveniles
Growth changes (BW) of O. marmoratus
juveniles at different types of feeds were
shown in Fig. 1. The mean BW was 0.32 ± 0.02
g, the highest in juveniles fed AS and 0.11 ±
0.00 g, the lowest in juveniles fed AF (Figure
2). Specific growth rates (SGR) of O. marmo-
ratus juveniles at different types of feeds were
also shown in Figure 2. The mean SGR was
5.32 ± 0.04, the highest in juveniles fed AS
and 3.53 ± 0.08 the lowest in juveniles fed AF.
Mean SGR in juveniles fed AS showed signi-
ficantly higher than that of juveniles fed TF
and AF. Subsequently, SGR of juveniles fed TF
(4.60 ± 0.06) was significantly higher (P<0.05)
than that of juveniles fed AF (Figure 2).
The mean survival rates of juveniles
ranged between 41.3 ± 3.2%, the lowest in ju-
veniles fed AF and 91.3 ± 2.1%, the highest in
juveniles fed AS. The mean survival rate of ju-
veniles fed AS was significantly higher (P<0.05)
than those in the other types of feed. The mean
survival rate of juveniles fed TF (76 ± 3.6%)
was significantly higher (P<0.05) than that of
juveniles fed AF (Figure 3).
Digestive Enzyme Activities
The mean specific trypsin activities of ju-
veniles fed TF, AF and AS were recorded as
0.021 ± 0.002, 0.010 ± 0.002, and 0.040 ± 0.000
mU mg protein-1h-1 (mean ± SE), respectively.
The specific trypsin activity of juveniles fed
AS was significantly higher (P<0.05) than those
found in juveniles fed TF and AF. Specific
trypsin activity of juveniles fed TF was signifi-
cantly higher than that of juveniles fed of AF
(Figure 4A).
The mean specific amylase activities of
juveniles fed TF, AF and AS were recorded as
0.019 ± 0.003, 0.057 ± 0.007, and 0.114 ± 0.005
mg maltose mg protein-1h-1 (mean ± SE), respec-
tively. The specific amylase activity of juve-
niles fed AS was significantly higher (P<0.05)
than those found in juveniles fed TF and AF.
Specific amylase activity of juveniles fed TF
was significantly higher (P<0.05) than that of
juveniles fed AF (Figure 4A).
Figure 1. Changes of growth in body weight (BW) of O. marmoratus early
juveniles in different types of feed during the experiment
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Figure 2. Comparison of mean body weight (BW) (bar graph) and specific growth rate of BW
(line) among different types of feed at the end of the experiment. Vertical line
indicates SD (n=3). Sub-indices over the bar graph and line denote significant
difference (Student-Newman-Keuls (SNK) multiple range test, (P<0.05)
Figure 3. Comparison of survival rate of O. marmoratus juveniles among different types
of feed. Vertical line indicates SD (n=3). Sub-indices over the bar graph denote
significant difference (Student Newman Kull (SNK) multiple range test, (P<0.05)
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DISCUSSION
Growth and Survival Rate
Juveniles of O. marmoratus fed Artemia
had higher growth and survival rates than those
of juveniles fed trash fish and artificial feed in
the present study. This is possibly due to the
nutritional contents in Artemia were optimal
Figure 4. Enzyme activities of O. marmoratus juveniles fed with different types of feed (A):
Specific trypsin and amylase activities and (B): Specific lipase activity. Vertical
line indicates mean ± SD (n=3). Sub-indices over the bar graph denote significant
difference (Student-Newman-Keuls (SNK) multiple range test, (P<0.05)
The mean specific lipase activities of juve-
niles fed TF, AF, and AS were recorded as 8.29
± 0.11, 6.87 ± 0.45, and 9.58 ± 0.06 mUnits
(mean ± SE), respectively. The specific lipase
activity of juveniles fed AS was significantly
higher (P<0.05) than those found in juveniles
fed TF and AF. Specific lipase activity of juve-
niles fed TF was significantly higher (P<0.05)
than that of juveniles fed AF (Figure 4B).
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compared to the other feeds. Although in the
present study the nutritional contents have
not been determined, but Garcia-Ortega et al.
(2001) reported that the nutritional contents
of Artemia was protein (55.8%), lipid (11.2%),
carbohydrate (6.9%), and ash (5.9%). Compared
to the other feeds, trash fish had protein (14.9%
to 18.7%), lipid (15.2%), and ash (6.5%) (Barclay
& Williams, 2000), meanwhile artificial feed used
in the present study contained protein (38% to
40%), lipid (3%), moisture (13%), and fiber (6%).
Another explanation is that the juveniles
were more attracted in consuming live feed
Artemia compared to the other feeds. Artemia
nauplii are standard larval fish diet after the
rotifer-feeding phase for almost all the marine
fish species (Van Stappen, 1996). In freshwa-
ter ornamental fish culture, Artemia nauplii are
used as intermediate feed for larvae when
Moina sp. is too big to ingest by the larvae.
The use of Artemia nauplii has been demon-
strated in previous study on the culture of fry
and adults of the guppy Poecilia reticulate. The
results showed that the growth performance
of the guppy fry and adults fed Artemia nau-
plii for 4 weeks were significantly better than
fed Moina sp. (Lim et al., 2002)
It is evident that using Artemia for better
fish growth and survival rate is more effective
than that of trash fish and artificial diet in O.
marmoratus early juveniles. This phenomenon
is perhaps due to the active movement of
Artemia. Live feed organisms are thought to
stimulate larval feeding by their movement and
metabolic wastes and chemical attractants
(Kolkovski, 2001). Moreover, live feed organ-
isms are more easily digested than microdiets,
and contribute to the digestive process by pro-
viding exogenous enzymes (Dhert et al., 1993).
Juveniles fed trash fish showed signifi-
cantly higher growth and survival rates com-
pared to the juveniles consumed artificial feed.
This suggests that juvenile O. marmoratus may
be attractive with smell of trash fish than artifi-
cial feed. Although the nutrient content of arti-
ficial feed was higher than trash fish, the juve-
niles were more attractive to consuming the
trash fish. Furthermore, trash fish was fresh
compared to artificial diet (William & Rimer,
2005).
The poor acceptability of artificial feed by
O. marmoratus early juveniles was observed.
Low growth and high mortality of O.
marmoratus juveniles associated with feed-
ing on artificial diet was also reported by Pham
(2001) who reported this was because of its
poor attractiveness to O. marmoratus. This
also occurred in the present study, the large
amount of artificial feeds remained on the bot-
tom. It seems to be probable that in this stage,
the juveniles still can not fully receive the ar-
tificial feed, particularly when they sank on
the bottom. Differ from the other species, O.
marmoratus has a slow growth potential
(Mohsin & Ambak, 1983) and early-stage juve-
niles mostly prefer to consume the live feed
(Senoo et al., 1993b).
Bundit (2007) suggested that poor growth
and survival rate associated with artificial feed
are caused by low digestibility for protein in
O. marmoratus. Similar results were also found
in Cromileptes altivelis (Laining et al., 2003)
and bullfrog Rana catesbeiana (Secco et al.,
2005). Besides, the low feed intake of juve-
niles fed artificial diet may be due to the lim-
ited palatability of diet (Joachim & Felicitas,
2000). Additionally, unsuitability of diet may
have resulted in poor acceptability, low feed
intake and growth depression in O.
marmoratus (Bundit, 2007).
Low survival rates of juveniles fed trash
fish and artificial feed may be due to more fre-
quent cannibalism. Based on visual observa-
tion, the juveniles attacked occasionally the
other fish which wold be finally killed. The can-
nibalism occurred when the juveniles were not
attractive to consume the fed. Cannibalistic
behaviour is recognized as common in O.
marmoratus since larval stage and continued
until the juvenile stage (Anusorn & Sujittra,
1989). Bundit (2007) suggested that cannibal-
ism of O. marmoratus juveniles can be pre-
vented by being given suitable feed and re-
ducing the stocking density.
Digestive Enzyme Activity
Changes of type, source and amount of
nutrients can alter either the digestive enzyme
profile or the concentrations of the enzymes.
Such an adaptive characteristic of these en-
zymes can be successfully used to take ad-
vantage of the nutrient content of diets
(Moraes & Bidinotto, 2000). The best use of
dietary nutrients can be reflected in the me-
tabolite concentration of the many body com-
partments, which should alter the metabolic
profile. Metabolism is a viable tool to analyze
the interrelationship between the digestive
biochemical process and the organism out-
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come (Correa et al., 1998; Moraes & Bidinotto,
2000).
In the present study, the juveniles were
reared in 10 ppt salinity and fed different types
of feed in order to compare the digestive en-
zyme activities. Trypsin activity was higher in
juveniles consumed Artemia compared to the
other types of feed in the present study. The
result agreed with Abi-Ayad & Kestemont (1994)
that the activity of fish feed Artemia caused
fish consumed higher than that fish fed artifi-
cial feed in goldfish larvae. Possible reason of
the higher activity could be that Artemia nau-
plii increased trypsin secretion. Another ex-
planation could be that the ingestion rate of
juveniles fed Artemia is higher (Bolassina et
al., 2006). Considering the effects of exog-
enous enzymes from Artemia, the estimated
fraction of the enzyme activity was determined
to be relatively small compared with total en-
zyme activity in the juveniles (Bolassina et al.,
2006). The major part of total enzyme activity
is synthesized by the juvenile as a reaction to
physical stimulation due to food ingestion
(Hjelmeland et al., 1988; Ueberchar, 1995).
The differences of trypsin activity among
three different types of feed in this study might
be due to the protein metabolism. Artemia
more activated trypsin compared to trash fish
and artificial feed. Based on the result of
present study, it is possible to speculate that
Artemia may also have influenced the activity
of digestive enzymes in the juveniles. Specu-
lated that protein in Artemia could be digested
easily only by trypsin, but in artificial feed and
trash fish need trypsin and other enzyme to
digest protein in that feed. The present study
indicated that the different activities of trypsin
are influenced by the types of feed. Then,
trypsin activities may influence digestion and
absorption of dietary protein.
Amylase activity of juveniles fed Artemia
was higher than the other types of feed. The
high amylase activity in the present study may
indicate that carbohydrates are efficient en-
ergy for juveniles (Tanaka, 1973; Siebenallar,
1984). An initial decrease in carbohydrate me-
tabolism was reported in freshwater teleosts
such as pike, Esox lucius L. and perch, Perca
fluvialitis L. (Kuz’mina, 1996) when fed with
artificial feed.
Another explanation is that amylase activ-
ity of juveniles fed Artemia may have adapted
to carbohydrate utilization. Amylase activity
can be attributed to the importance of carbo-
hydrate metabolism at the first feeding of carp
hybrid (Chakrabarti et al., 2006). Increasing
rates of dietary protein also induce amylase
activity in rainbow trout, Oncorhynchus mykiss
(Plantikow, 1981). In general, it can be explained
that the values of amylase activities of the dif-
ferent types of feed demonstrates a potential
for carbohydrate digestion. The low values
were obtained for artificial feed in conjunc-
tion with the unattractive feed and influenced
the carbohydrate digestion.
Similarly with trypsin and amylase activi-
ties, the present study showed that lipase ac-
tivity was higher in juveniles fed Artemia than
those fed with trash fish and artificial feed. The
differences in lipase activity among different
foods in the present study may be attributed
to the adaptation of the juveniles for better
digestion and utilization of dietary lipids, be-
ing in agreement with results reported by
Munilla-Moran et al. (1990) for larval turbot. The
lowest lipase activities in trash fish and artifi-
cial feed might be related to feed digestion
(De Silva & Anderson, 1995).
The lowest activities of all enzymes asso-
ciated with artificial feed indicate less attrac-
tiveness of artificial feed. Kolkovski (2001)
suggested that poor performance of microdiet
is related to inadequate incorporation of nutri-
ents due to poor ingestion, digestion and as-
similation. Similar statement on the relatively
low level of enzyme activities has been re-
ported as one of the reasons for the limited
success of artificial diet and the poor growth
of larvae (Dabrowski, 1984; Kolkovski, 2001).
Utilization of artificial diet for early juve-
nile stage of the present species is consid-
ered as still unsuitable. This is supported by
findings in some species such as bighead carp,
Aristichtys nobilis (Carlos, 1988) and salmon
species (Dabrowski, 1984) in which without live
food, they have been relatively successful to
digest artificial diet due to size and stage of
development of the emerging larvae. Another
supporting data suggested that weaning to dry
diet is done gradually; starting with co-feed-
ing and reducing the amount of live feeds (usu-
ally Artemia) until complete replacement with
dry diets (Jones et al., 1993). Feeding prey or-
ganisms such as Artemia nauplii in a short time
before dry diets are offered may increase di-
gestive activity and increase the ability of lar-
vae to digest the dry diets (Kolkovski et al.,
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1997). However, results of the present study
show that O. marmoratus early juveniles have
more efficient digestibility and nutrient absorp-
tion when Artemia nauplii were supplied.
Based on the results of this experiment, gradu-
ally decreasing of live feed before changes to
dry diets seems to be necessary in order to
improve rearing technique of O. marmoratus
juvenile.
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